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How Tobacco Smoke Causes Disease: The Biology and Behavioral Basis for Smoking-Attributable Disease

Introduction

Cigarettes are the most common form of tobacco
used in most of the world (World Health Organization
[WHO] 2006) and cause 443,000 deaths in the United
States each year (U.S. Department of Health and Human
Services [USDHHS] 1986, 1988; National Cancer Institute
[NCI] 1997; Centers for Disease Control and Prevention
[CDC] 2008). The primary short- and long-range strate-
gies for reducing deaths associated with tobacco use are
cessation and prevention, respectively, along with reduc-
tion of secondhand smoke exposure (Warner et al. 1998;
USDHHS 2000; Stratton et al. 2001; WHO 2003a). Another
concept that has been considered is changing the ciga-
rette itself to make it less toxic. The concept of modify-
ing conventional cigarettes to be potentially less harmful
is not new. Beginning in the 1950s, the tobacco industry
embarked on efforts to modify cigarettes in response to

growing public awareness of the health hazards of tobacco
use, primarily through reducing machine-measuredtarand
nicotine content (NCI 1996). However, evidence now dem-
onstrates that these modifications did not reduce the risk
of cigarette smoking and in addition may have undermined
efforts to prevent tobacco use and promote cessation
(NCI 2001). In recent years, a range of new products have
been introduced and marketed to smokers as an alterna-
tive to conventional cigarettes, sometimes accompanied
by messages, explicit or implied, that they offer reduced
exposure to toxic substances or risk of disease (Peder-
son and Nelson 2007). The focus of this chapter is on the
health consequences of changes in cigarette design over
time. Coverage of novel cigarette products is not intended
to be comprehensive or current, because this market is
rapidly evolving.

Cigarette Design Changes over the Years

The history of tobacco product design and mar-
keting has been discussed elsewhere and need not be
repeated (Reynolds and Shachtman 1989; Goodman 1993,
2004; Hilts 1996; Kluger 1996; Tate 1999; Brandt 2007).
However, the tobacco industry’s internal memoranda and
other documents make it clear that the core concept and
function of the cigarette has changed little since its inven-
tion in the early part of the nineteenth century; namely,
it is a tobacco-derived product for delivering nicotine
to the user (University of California at San Francisco
[UCSF] 2008).

By the early 1950s, mounting scientific evidence
began to implicate cigarette smoking in the develop-
ment of serious respiratory, heart, and neoplastic diseases
(Royal College of Physicians of London 1962; U.S. Depart-
ment of Health, Education, and Welfare [USDHEW] 1964).
This evidence created a new force in cigarette design that
has remained prominent to this day: to design cigarettes
that could be marketed as addressing the health concerns
of both cigarette smokers and health professionals by re-
ducing toxicants (Slade and Henningfield 1998; Stratton
et al. 2001). Early efforts to reduce toxicants focused on
efforts to reduce the overall tar (e.g., total particulate mat-
ter minus nicotine and water content) and nicotine yields
of cigarettes.

The first major design change to reduce tar and nic-
otine yields was the introduction of filters in the 1950s.

Before 1950, only 0.6 percent of cigarettes were filtered,
but the increasing lay press coverage of the potential
dangers of smoking led to an explosion of filter development
and marketing. By 1960, filtered cigarettes represented 51
percent of the cigarette market (USDHHS 1989). By 2005,
they represented 99 percent of the market. Major design
efforts to reduce machine-measured tar and nicotine
yields continued throughout the 1960s and 1970s with the
introduction of “light” and low-tar cigarettes. Efforts to
further reduce machine-measured tar and nicotine yields
included the use of porous cigarette paper, reconstituted
tobacco, filter tip ventilation, and the use of expanded
tobacco (Hoffmann et al. 1996).

The initial focus on reduction of tar and nicotine
yields was supported by early case-control studies sug-
gesting that cancer risks were reduced by increased use of
filters and decreased machine-measured tar delivery, and
laboratory studies appeared to confirm this dose-response
relationship. This research led to the seemingly reasonable
conclusion that cigarettes with lower machine-measured
tar and nicotine might pose fewer hazards, assuming that
smokers did not increase the number of cigarettes they
smoked per day or otherwise change their smoking behav-
iors (USDHEW 1967, 1969, 1971, 1974; USDHHS 1981,
Stratton et al. 2001). Thus, it was widely accepted that
declining tar and nicotine levels could lead to decreased
disease risk. The concept that reduced exposure to
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toxicants could reduce disease risk was supported
by previous Surgeon General’s reports (USDHEW
1969). In 1966, the U.S. Public Health Service rec-
ommended “the progressive reduction of the ‘tar’
and nicotine content of cigarette smoke” (USDHEW
1966, p. 2), and the Federal Trade Commission (FTC)
announced that it would generally permit cigarette com-
panies to make marketing claims about tar and nicotine
yields as long as those statements were based on a uni-
form machine-based test method for measuring tar and
nicotine yields, subsequently known as “the FTC method”
(Peeler 1996; Pillsbury 1996).

Efforts to reduce tar and nicotine yields as measured
on the basis of machine-smoking conditions were success-
ful. The sales-weighted deliveries in U.S. cigarette smoke
decreased from 38 milligrams (mg) of tar and 2.7 mg of
nicotine in 1954 to 12 mg of tar and 0.95 mg of nicotine
in 1993 (Hoffmann et al. 1996). Machine measurements
of tar have shown little change since then, and machine
measurements of nicotine delivery have remained at
approximately 0.9 mg per cigarette since 1981 (Federal
Register 1995, 1996; Slade et al. 1995; Hurt and Robertson
1998; Kessler 2001).

Unfortunately, with the accrual and evaluation of
additional data, the evidence today does not demonstrate
that efforts to lower machine-measured tar and nicotine
yields actually decreased the health risks of smoking, pri-
marily because these changes did not reduce smokers’
actual exposure to tobacco toxicants (NCI 2001; USDHHS
2004). Indeed, to the extent that filters and other efforts
to reduce machine-measured tar and nicotine reduced
smokers’ health concerns, and thereby delayed quitting
and/or increased cigarette use, they may have contributed
to an overall increase in cigarette-caused mortality (Strat-
ton et al. 2001).

As mentioned above, for example, the first effort to
change the design of cigarettes was the addition of the fil-
ter. In theory, use of filter technologies can remove sub-
stantial amounts of a wide variety of toxicants (Browne
1990; Hoffmann and Hoffmann 1997). In fact, however,
evidence on the ability of filters to reduce harm is not
clear (Slade 1993; NCI 2001; Stratton et al. 2001). And,
some novel filter designs may introduce new toxicants
such as asbestos (Slade 1993), carbon (Pauly et al. 1997),
and glass (Pauly et al. 1998). The wide variation in filter
technology across brands and over time precludes general
conclusions about whether filters increased or decreased
exposure of smokers to toxicants.

Similarly, a variety of design features made it pos-
sible for cigarette smokers to compensate, that is, easily
ingest severalfold higher amounts of tar and nicotine than
the yields obtained when using the machine-based FTC
method (Djordjevic et al. 2000; NCI 2001; Stratton et al.
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2001; WHO 2003c). Most important was the introduction
of ventilation holes in the cigarette filters, which allowed
smoke to escape during machine testing. In the 1980s,
researchers discovered that smokers covered these venti-
lation holes with their fingers, negating the effect of the
holes in reducing smoke exposure (Kozlowski et al. 1980,
2002, 2006). Moreover, subsequent research demonstrated
that the use of ventilation holes produced higher levels of
free-base nicotine, which led to a more addictive product
as well as deeper lung inhalation of cooler and less harsh
smoke (Stratton et al. 2001; Pankow et al. 2003a,b; Watson
et al. 2004). Driven by nicotine addiction and enabled by
cigarettes that delivered smoother, cooler smoke diluted
by ambient air, smokers could easily compensate for
reduced delivery of nicotine by increasing smoke intake
per cigarette and per day, thus maintaining high levels of
disease risk (NCI 2001; Thun and Burns 2001).

Tobacco industry documents, many of which are
available at the Legacy Tobacco Documents Library at
UCSF, clearly demonstrate that at least by the mid-1970s
the tobacco industry well understood the importance of
creating health reassurance messages in order to alleviate
health concerns, and that one important method of doing
so was through claims of low deliveries of tar. For example,
a 1977 British American Tobacco marketing report con-
cluded, “All work in this area should be directed towards
providing consumer reassurance (emphasis in original)
about cigarettes and the smoking habit. This can be pro-
vided in different ways, e.g. by claimed low deliveries, by
the perception of low deliveries and by the perception of
‘mildness” (Short 1977, p. 3). At the same time, tobacco
company documents also clearly demonstrate that the
industry understood that smokers would not achieve the
claimed deliveries because of smoker compensation. For
example, a 1975 Philip Morris memo noted: “In effect, the
Marlboro 85 smokers in this study did not achieve any
reduction in smoke intake by smoking a cigarette (Marl-
boro Lights) normally considered lower in delivery”
(Goodman 1975, p. 3).

In contrast to industry awareness, the various ways
that cigarettes were physically modified and the nature
and level of compensation in response to design changes
were not well understood by parties outside of the tobacco
industry itself. Public health officials had little basis
to anticipate the degree to which manufacturers could
design cigarettes to allow smokers to draw more smoke
and nicotine from cigarettes than was represented by
machine-measured yields of tar and nicotine (NCI 2001;
Parascandola 2005).

It was not until the turn of the twenty-first century
that it became increasingly clear that no relationship
existed between machine-measured tar and nicotine levels
and risks for most categories of cigarette-related diseases.
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In 1994, an expert committee convened by NCI concluded:
“The smoking of cigarettes with lower machine-measured
yields has a small effect in reducing the risk of cancer
caused by smoking, no effect on the risk of cardiovascular
diseases, and an uncertain effect on the risk of pulmonary
disease” (NCI 1996, p. vi). Moreover, whereas squamous
cell carcinomas had been the predominant form of lung
cancer, by the late twentieth century adenocarcinoma
of the lung was becoming increasingly common, pre-
sumably reflecting deeper inhalation of smoke that was
facilitated by ventilated filters as well as other factors
such as changes in agricultural practices, tobacco curing,
and cigarette manufacturing processes that could lead to
increased concentrations of tobacco-specific nitrosamines
(NCI 2001; Stratton et al. 2001) (see Chapter 5, “Cancer”).
By 2001, NCI concluded that “measurements of tar and
nicotine yields using the FTC method do not offer smok-
ers meaningful information on the amount of tar and
nicotine they will receive from a cigarette” (NCI 2001,
p. 10). The 2001 review also concluded that the evidence
“...does not indicate a benefit to public health from
changes in cigarette design and manufacturing over the
last fifty years” (NCI 2001, p. 10). Today, there is a scien-
tific consensus that changes in cigarette designs from the
1950s to the 1980s to reduce machine-measured tar yields

New Cigarette Products

did not result in decreased morbidity and mortality (NCI
2001; Thun and Burns 2001). In sum, it took decades to
recognize that changes to reduce machine-measured tar
and nicotine yields in cigarettes did not have a measurable
beneficial impact on public health (NCI 2001). In 2008,
FTC rescinded its 1966 guidance that generally permitted
statements concerning tar and nicotine yield if they were
based on the Cambridge filter method (sometimes called
the FTC method) (FTC 2008).

Other changes during the past 50 years have
included efforts that potentially have made cigarettes
more addicting through the use of flavors, chemical
treatments to alter the smell and appearance of cigarette
smoke, methods to mask noxious sensory effects, and con-
trol of the nicotine dose (see Chapter 4, “Nicotine Addic-
tion: Past and Present”). These approaches included new
types of filters, tobacco blends, and ingredients; cigarette
ventilation; control of pH; and efforts to reduce various
volatile organic compounds in tobacco and smoke. These
product modifications have the potential to increase the
risk of addiction by contributing to increased risk of ini-
tiating use of the product, increased ease of smoke inha-
lation, decreased noxiousness of the smoke, and possibly
increased brain nicotine exposure (WHO 2007; Chapter 4,
“Nicotine Addiction: Past and Present”).

Cigarette smoke contains more than 7,000 chemi-
cals, including at least 69 known carcinogens and many
other toxicants implicated in major diseases (Inter-
national Agency for Research on Cancer [IARC] 2004;
Borgerding and Klus 2005; Rodgman and Perfetti
2009), and because the potency of toxicants and mecha-
nisms of action differ, reducing concentrations of indi-
vidual toxicants might have only a negligible effect on
disease risk from smoking (Fowles and Dybing 2003;
Pankow et al. 2007; Burns et al. 2008). Despite these chal-
lenges, Brown & Williamson (acquired by R.J. Reynolds
in 2004), Vector Tobacco, and Philip Morris have all
developed cigarettes that purport to deliver lower levels
of specific toxicants (e.g., carcinogenic nitrosamines) as
determined by standard machine-smoking methods. This
reduction in toxicant levels has been accomplished by use
of new technologies in tobacco curing and/or by adding car-
bon or other materials to cigarette filters (Hoffmann et al.
2001; TARC 2004). However, the extent to which exposure
to toxicants is actually reduced in smokers is not known
because reduced machine-measured yields of toxicants do
not necessarily reflect actual human exposure. A smoker

who switches to a brand with lower machine-measured
toxicants may smoke these cigarettes in a more intense
fashion or may consume more cigarettes per day than
previously. Either change could result in greater human
exposure to toxicants and no decrease in risk of disease.

For example, Brown & Williamson introduced
Advance as a new cigarette with the claim that levels of
tobacco-specific nitrosamines (TSNAs) were 70 percent
lower than those in leading “light” brands (Star Scientific
2005). Preliminary laboratory studies of cigarette smokers
provide mixed evidence for the possibility that use of this
cigarette substitute would result in reduced exposure to
tobacco toxicants (Breland et al. 2002, 2003). Omni, man-
ufactured by Vector Tobacco, is a conventional cigarette
for which the marketers claimed lower levels of carcino-
genic polycyclic aromatic hydrocarbons, nitrosamines,
and catechols (Vector Group 2001). Preliminary studies
in which Omni is smoked instead of the smokers’ usual
brand of cigarettes provide little evidence for reduced
exposure to toxicants (Hatsukami et al. 2004b; Hughes et
al. 2004).
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Low-Nicotine Cigarettes

In theory, gradually reducing the content and yield
of nicotine in cigarettes over a period of many years,
using design features that make compensation difficult or
impossible, might lessen smokers’ dependence on nico-
tine. Low-nicotine cigarettes have also been proposed as
a method to prevent new smokers (primarily youth) from
ever establishing nicotine dependence (Benowitz and
Henningfield 1994; Henningfield et al. 1998; Benowitz
et al. 2007; Zeller et al. 2009). However, the potential
role of nicotine analogues in maintaining addiction is
poorly understood.

A commercial cigarette with very low nicotine
content was introduced in test markets in 1989 under
the brand name Next (Butschky et al. 1995). The nico-
tine content of Next appeared to be lower than the levels
hypothesized by Benowitz and Henningfield (1994) to be

Cigarette-Like Products

the addictive threshold. The test market ended in 1991
when Philip Morris withdrew the product from the mar-
ket. Quest was a low-nicotine cigarette developed by Vec-
tor Tobacco (Rose and Behm 2004; Vector Tobacco 2004).
Three products were available: (1) a cigarette with 0.6
mg of nicotine and 10 mg of tar per cigarette, as deter-
mined by FTC machine measurements; (2) a cigarette
with 0.3 mg of nicotine and 10 mg of tar per cigarette;
and (3) a “nicotine-free” cigarette with no more than
0.05 mg of nicotine and 10 mg of tar per cigarette (Vec-
tor Tobacco 2004). It was unclear how long and how
often smokers would use the “nicotine-free” version rather
than versions that contained higher levels of nicotine and
whether the two versions with nicotine would hinder the
desire and ability to stop smoking.

In 1988, R.J. Reynolds launched a new era of novel
products with Premier, a nicotine-delivering product
similar in size and appearance to a conventional cigarette
but consisting of an aluminum canister that contained
alumina beads impregnated with glycerin, propylene gly-
col, and a nicotine-rich tobacco extract (Slade 1993; Slade
and Henningfield 1998). Heat from a carbon fuel element
vaporized material adjacent to the alumina beads, and
these vapors condensed into more proximal segments to
form the aerosol that was puffed and inhaled by the con-
sumer (Slade and Henningfield 1998). Compared with
conventional cigarettes, Premier delivered similar doses
of nicotine, higher levels of carbon monoxide (CO), and
reduced levels of many other toxicants (WHO 2001). Pre-
mier was test marketed in the United States in 1988 but
was soon withdrawn because of poor sales (Slade and
Henningfield 1998).

More recently, tobacco companies have developed
several other novel cigarette-like products that deliver
nicotine to the consumer (Stratton et al. 2001; Slade
et al. 2002). Eclipse (R.J. Reynolds) uses a technology
similar to that developed for Premier (Slade and Hen-
ningfield 1998; Slade et al. 2002): the heat source is
a carbon fuel element, and nicotine and glycerin are
vaporized from an aluminum-lined chamber filled
with what the manufacturer described as “highly
processed tobacco” and mixed with glycerin. Both
human and machine-testing data indicate that these prod-
ucts provide no clear benefit to users over conventional
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cigarettes. A report commissioned by the Commonwealth
of Massachusetts Department of Public Health found that
intensive machine smoking of Eclipse delivered levels of
key lung and cancer-causing toxicants (e.g., acrolein, CO)
similar to, or higher than, those from two commercial
cigarette brands (Labstat 2000). A complication in evalu-
ating the toxicity of Eclipse is that several prototypes were
test marketed (Slade et al. 2002). It is not clear whether
changes not disclosed by the manufacturer account for
the variability across studies (Stapleton et al. 1998; Lee et
al. 2004; Breland et al. 2006). Nonetheless, it appears that
volunteers who had been exposed to Eclipse (Shiffman et
al. 2004; Hughes et al. 2005) or had heard of it believed it
to be less harmful than conventional cigarettes. Further-
more, concerns have been raised that Eclipse and Premier
could be modified to deliver other drugs, including illicit
drugs (Cone and Henningfield 1989; Steckley et al. 2002).
Accord (Philip Morris) consists of a specially
designed “cigarette” used in combination with an igni-
tion system (Slade and Henningfield 1998). The handheld,
battery-operated, microchip-controlled product heats
a cigarette-like tobacco roll when it is puffed (Slade and
Henningfield 1998). Although actual-use studies of Accord
have not been performed, preliminary laboratory studies
with volunteers suggest the possibility that actual human
exposure to nicotine and toxicants might substantially
exceed that predicted by Philip Morris’ tests (Buchhalter
et al. 2001; Breland et al. 2002; Philip Morris USA 2005).
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Evaluation of New Cigarette Products

The health consequences of new cigarette products
have not been demonstrated in scientific studies. The
challenges include a need for development and valida-
tion of testing methods for new products (WHO 2004b).
Extended nonlaboratory studies under natural condi-
tions with a broader range of biomarkers of toxicants are
required to determine whether novel products result in
overall reduction of exposure to toxicants, and still longer
and more extensive studies would be required to deter-
mine whether or not the disease risk of the individual or
population harm are decreased (WHO 2004a, 2007; Hatsu-
kami et al. 2007). For example, products delivering lower
levels of nitrosamines might theoretically reduce cancer
risks, but because many of these products still deliver nic-
otine and CO, cardiovascular risks may remain unchanged
or may even increase. In addition, if TSNAs are removed,
other potent carcinogens may sustain overall high levels
of exposure to carcinogens (Fowles and Dybing 2003).

There are substantial risks that the marketing of
novel cigarettes could lead to increased tobacco use in
current smokers, relapse in former smokers, and initia-
tion in those who never smoked, particularly youth (Hen-
ningfield et al. 2003; Hatsukami et al. 2004a, 2005). For
example, in a survey of 1,000 current cigarette smokers
and 499 former smokers older than 18 years of age, 91
percent thought Eclipse was safer than regular cigarettes,
24 percent believed Eclipse was completely safe, and
57.4 percent were interested in using the product (Shiff-
man et al. 2004). Interest was greatest among those who
were contemplating smoking cessation, and exposure
to Eclipse’s claims was followed by a reduced interest in
cessation. Those interested in using Eclipse included 6.2
percent of all former smokers and 15.2 percent of young
adults 18 through 25 years of age who had stopped smok-
ing within the past two years. Further extending these
findings, Hamilton and colleagues (2004) found that
advertisements for light cigarettes were perceived to im-
ply that their use is healthier than use of regular ciga-
rettes, partly because consumers wrongly believed that
the advertisements must be approved and endorsed by a
government agency.

In addition, products designed or marketed to
be used in places where smoking is not allowed may
defeat public health efforts to reduce smoking rates. For
example, studies have found that having a 100-percent
smoke-free workplace reduced smoking prevalence by

6 to 22 percent and average daily consumption by up to
14 percent among smokers compared with workers sub-
ject to minimal or no restrictions (Farrelly et al. 1999;
NCI 2000; USDHHS 2000; Bonnie et al. 2007). Products
that enable nicotine consumption in the workplace and
other places could reverse these potential reductions in
smoking prevalence through use of one product in the
workplace and continued smoking outside, that is, dual
product use (Henningfield et al. 2002; European Commis-
sion 2007). Moreover, the dual use of tobacco products is
likely to result in greater exposure to toxicants than does
use of either product type alone (Henningfield et al. 2002).

Balancing the risks and benefits of new cigarette
products is challenging because of the diversity of prod-
ucts, their associated potential risks and benefits on the
multitude of tobacco-related diseases, and the dearth of
empirical data on their effects. The 2001 Institute of Medi-
cine (IOM) report (Stratton et al. 2001) and a report from
the University of Minnesota Transdisciplinary Tobacco Use
Research Center raised a series of questions about these
and similar products (Hughes 2000; Stratton et al. 2001;
Hatsukami and Hecht 2005; Hatsukami et al. 2005). WHO
developed similar scientific questions, as well as recom-
mendations for research and product testing (WHO 2003d,
2004a, 2006, 2007). Although all the questions raised by
these organizations merit consideration, the following
questions are a critical starting point for evaluating new
cigarette or cigarette-like products:

e Does use of the product decrease individual and
population exposure to the harmful substances in
tobacco smoke?

¢ s this decreased exposure associated with a decrease
in individual and population risk of disease?

e Are there surrogate indicators of disease risk that
could be measured in a timeframe of sufficient
duration for product evaluation?

e What are the public health implications of products
that may reduce exposure to toxicants in tobacco
smoke? Specifically, do these products increase ini-
tiation of tobacco use, decrease cessation, promote
relapse among those who have quit, or lead to dual
product use?
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New Oversight of Tobacco Products

On June 22, 2009, President Barack Obama signed
into law the Family Smoking Prevention and Tobacco
Control Act (Public Law 111-31). The Tobacco Control
Act grants the U.S. Food and Drug Administration (FDA)
the authority to regulate tobacco products to protect the
public’s health and recognizes FDA as the primary federal
regulatory authority with respect to the manufacture,
marketing, and distribution of tobacco products. Key ele-
ments of the act include, among other things, creation
of a new Center for Tobacco Products, prohibition of the
sale of cigarettes containing certain characterizing fla-
vors, the requirement that manufacturers and importers
report to FDA the ingredients and additives in their prod-
ucts, strengthened warning labels with graphic images of
the adverse effects of cigarette use, and oversight of the
tobacco industry’s efforts to develop and market potential
reduced-exposure tobacco products. The Tobacco Control
Act also requires FDA to reissue the agency’s 1996 regula-
tion aimed at reducing young people’s access to tobacco
products and curbing the appeal of tobacco to the young.
Although some provisions of the act went into effect
shortly after the statute was enacted, such as the ban on
flavored cigarettes, others will be implemented over time.

Sections 910 and 911 of the Tobacco Control Act
provide that premarket review of certain tobacco products
by FDA is required before the products may be marketed.
Section 910 requires manufacturers of new tobacco prod-
ucts (those not commercially marketed as of February 15,

Summary

2007, or modified after that date) to submit an application
containing specified manufacturing and ingredient infor-
mation, as well as studies of the product’s health risks, for
FDA review. After reviewing the application, the agency
will issue an order either permitting the product to be
marketed or denying its marketing according to specified
bases for its action. New tobacco products determined by
FDA to be substantially equivalent to products already on
the market as of February 15, 2007, are not required to
undergo premarket review.

Section 911 provides that “modified risk tobacco
products” may only be marketed if FDA determines,
after reviewing a product application, that the product will
significantly reduce the risk of tobacco-related disease to
individual users, and benefit the health of the population
as a whole, taking into account the impact on both users
and nonusers of tobacco products. Section 911 recognizes
so-called special rule products, which also require pre-
market approval. Such products may be marketed for up
to five years (subject to renewal) if the agency determines
that the applicant has met specified criteria, the applicant
agrees to conduct certain postmarket surveillance and
studies, and other specified findings regarding the relative
harm of the product are made. Under this section, FDA
must issue guidance or regulations on the scientific evi-
dence required for the assessment and ongoing review of
modified-risk tobacco products in consultation with IOM.

To reduce smoking-attributable death and disease,
public health efforts since the 1964 Surgeon General’s
report on smoking and health have focused on reduc-
ing the prevalence of tobacco use. Reduced prevalence
has been achieved through efforts to prevent tobacco use
and promote cessation; this effort has been termed one of
the “ten great public health achievements of the twenti-
eth century” (CDC 1999). At the time the adverse effects
of smoking were being recognized, the tobacco industry
developed cigarettes with low machine-measured yields
of tar and nicotine, and public health authorities encour-
aged consumers to select them (Peeler 1996; Shopland
2001). Unfortunately, it took public health researchers
and federal authorities many years to discover what the
tobacco industry knew much earlier: the health benefits
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of reductions of tar and nicotine intakes were negligible
at best for persons using these products (Federal Register
1995, 1996; NCI 2001; WHO 2001; U.S. v. Philip Morris No.
449 F. Supp. 2d 1, 430-75 [D.D.C. 2006]). In 2001, an NCI
report concluded: “There is no convincing evidence that
changesin cigarette designbetween 1950 and the mid 1980s
have resulted in an important decrease in the disease bur-
den caused by cigarette use either for smokers as a group
or for the entire population” (NCI 2001, p. 146). Thus, by
the twenty-first century, it was apparent that five decades
of evolving cigarette design had not reduced overall disease
risk among smokers, and new designs were used by the
tobacco industry as a tool to undermine prevention and
cessation efforts (NCI 2001; Stratton et al. 2001; WHO
2001, 2003a,b,c; USDHHS 2004).
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Similarly, informative and comprehensive scientific
evaluations do not exist for any of the other new prod-
ucts developed ostensibly to reduce toxicants in cigarette
smoke. This lack of data limits any conclusions that can be
drawn about potential health risks or benefits.

The well-documented risks of cigarette design
changes must be weighed against any potential benefits
(Stratton et al. 2001). As this chapter makes clear, sub-
stantial risks may be associated with new tobacco prod-
ucts: (1) smokers who might have otherwise stopped
smoking may continue to smoke because of perceived
reduction in risk with use of new products; (2) former
smokers may resume smoking because of perceived reduc-
tion in risk with use of new products; and (3) nonsmokers,
particularly youth, may start to use new products because

Conclusions

of their perceived safety. The theoretical benefit of ciga-
rette design changes is to reduce exposure to toxicants suf-
ficiently to reduce the risk of disease and death. However,
if these products are used by persons otherwise unlikely
to use a tobacco product, which would undermine efforts
to prevent tobacco use, or if the products delay cessation
among persons who would otherwise stop using tobacco,
the overall health of the population would be harmed.

There is little doubt that new tobacco products will
continue to be developed. Consequently, there is a criti-
cal need to conduct independent research on the design,
composition, and health effects of new cigarette products
and to put in place a comprehensive surveillance sys-
tem to understand consumers’ knowledge, attitudes, and
behaviors regarding these products.

1. The evidence indicates that changing cigarette
designs over the last five decades, including filtered,
low-tar, and “light” variations, have not reduced over-
all disease risk among smokers and may have hin-
dered prevention and cessation efforts.

2. There is insufficient evidence to determine whether
novel tobacco products reduce individual and popula-
tion health risks.

3. The overall health of the public could be harmed if
the introduction of novel tobacco products encour-
ages tobacco use among people who would otherwise
be unlikely to use a tobacco product or delays cessa-
tion among persons who would otherwise quit using
tobacco altogether.
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